Primary hyperparathyroidism is caused by a single parathyroid adenoma in up to 90% of clinical cases. Selective surgical excision of the hyperfunctioning parathyroid gland is the treatment of choice for this condition, and parathyroid scintigraphy is one of the primary and standard methods used for preoperative localization. SPECT/CT is advantageous over planar imaging because SPECT/CT provides useful anatomic information, improving overall diagnostic confidence. This paper evaluates the initial findings of a hybrid parathyroid imaging technique that was put into effect after the installation of a SPECT/CT system in the nuclear medicine department at Torbay Hospital, Torquay, United Kingdom. The key findings from 3 of the initial sets of patient studies are discussed, along with the key learning points after the introduction of this new clinical service. Methods: From January 2009 until December 2009, 9 patients underwent a parathyroid study at Torbay Hospital (8 women [87.5%] and 1 man [12.5%]; mean age [6SD], 61 6 10.12 y). All patients were referred from the endocrinology department because they had clinical signs of parathyroid adenoma (67%) or required preoperative localization of parathyroid adenoma (33%). For parathyroid scintigraphy, 640-990 MBq of 99m Tc-sestamibi were administrated intravenously. A SPECT/CT system was used to acquire images from the level of the submandibular glands through the basal third of the heart. Three sets of images were acquired, and the processed images were reviewed for quality, attenuation correction, and registration. Results: Two (22%) of the 9 studies were negative for possible adenoma, and 7 (78%) were positive. Of the positive studies, 6 (86%) showed an adenoma on the left inferior gland and only 1 (14%) showed an adenoma in an eccentric position. Conclusion: The introduction of parathyroid SPECT/ CT has resulted in the development of new imaging and processing protocols within our nuclear medicine department. Introducing any new technique requires knowledge, understanding, and practical skills. The additional information gained from the parathyroid SPECT/CT technique has provided new skills for practitioners and increased reporting confidence for physicians.
The emergence of transmission imaging technologies within hybrid imaging systems can be used in conjunction with SPECT techniques to help localize lesions identified within traditional nuclear medicine procedures. This approach has particular value when there are limited or no anatomic landmarks present on SPECT or when such landmarks are present but greater anatomic spatial resolution is required. The successful registration of SPECT with CT for localization purposes may aid definitive diagnosis and provide more precise lesion localization as part of surgical work-up for parathyroid adenomas. The parathyroid glands are small lentil-shaped glands that generally are located adjacent to the thyroid gland. Normal parathyroid glands measure approximately 6 mm in length, 3-4 mm in transverse diameter, and 1-2 mm in anteroposterior diameter and weigh 29.5 mg 6 17.8 (mean 6 SD) (1) (2) (3) (4) .
Normally, there are 2 superior and 2 inferior parathyroid glands located within the visceral space of the neck, posterior to the thyroid glands, near the tracheoesophageal groove. They may be either inside or outside the thyroid capsule (1, 2) .
Ectopic inferior parathyroid glands may be located in the neck, inferior to the lower pole of thyroid lobe, either in the thyrothymic ligament or associated with the cervical portion of the thymus (26%); on or adjacent to the posterior aspect of the middle third of the thyroid lobe (7%); in the anterior mediastinum (4%-5%); within the thyroid (,3%); or along the carotid sheath (,1%) (2) .
Hyperparathyroidism occurs with a frequency of about 0.5 per 1,000 people, with approximately half the cases being asymptomatic and detected by serum calcium screening. Those with symptoms may have recurring low phosphate levels, weakness, fatigue, and bone pain (1) (2) (3) (4) .
Because of the small size and the location of the normal parathyroid glands, imaging with most modalities is dif-ficult. Between 80% and 85% of parathyroid adenomas are adjacent to the thyroid (5-7). The rest are ectopically placed and may be in the anterior or posterior superior mediastinum, within or next to the thymus, along the esophagus, along the carotid sheath, or even at the carotid bifurcation. This variation causes 5% of hyperfunctional parathyroid lesions to be missed at the initial surgical procedure, but hyperfunctioning glands can be imaged using nuclear medicine techniques (1, 3, (8) (9) (10) (11) (12) (13) (14) .
99m Tc-sestamibi is the radiopharmaceutical of choice for imaging hyperplastic parathyroid glands and adenomas because of its good energy characteristics for imaging and its avid localization in the mitochondria of parathyroid tissue. 99m Tc-sestamibi has yielded sensitivity rates of about 90% in primary hyperparathyroidism (1) (2) (3) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) .
With this method, 900 MBq are administered intravenously, and planar images are acquired at 15 min and at 1.0-3 h after injection. (1) (2) (3) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) . 99m Tc-sestamibi initially concentrates in normal thyroid tissue, thyroid adenomas, parathyroid adenomas, and hyperplastic parathyroid glands. Activity in the normal thyroid tissue significantly decreases with time. Thyroid adenomas and hyperplastic parathyroid glands initially have more intense activity than does the thyroid, and the intensity typically fades with time. Most parathyroid adenomas are more intense than is the thyroid on the early images and retain much of their activity on the delayed images, becoming more visible. Most parathyroid adenomas larger than 500 mg can be detected with parathyroid scanning. Some thyroid adenomas may not fade as much as expected on delayed images, and some parathyroid adenomas may behave atypically by fading on delayed images. If delayed 99m Tc-sestamibi images are inconclusive in either of these respects, it may be helpful to administer 99m Tc-pertechnetate to see if the equivocal focus hyperconcentrates pertechnetate, as it will be likely to represent a thyroid adenoma (17, 18) .
Parathyroid imaging is especially useful in patients with negative findings on neck exploration and recurrent or persistent hypercalcemia, but the technique is still unable to image hyperplastic or normal parathyroid glands consistently. The use of SPECT increases the sensitivity of planar examinations because it allows 3-dimensional imaging of the parathyroid gland. Especially when combined with CT, SPECT becomes particularly helpful for preoperative localization of eutopic and ectopic parathyroid adenomas (1) (2) (3) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) .
Many surgeons routinely use ultrasound, radionuclide parathyroid imaging, or both before surgery, and scintigraphy is also useful for locating the adenoma during surgery (1) (2) (3) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) .
The primary goal of image interpretation is to detect and localize the hyperfunctioning gland. A diagnosis of parathyroid adenoma is confirmed by inspecting both the early images and the delayed images (Fig. 1) . The scintigraphic patterns observed on early-phase images depend on the relative anatomic positions and radiopharmaceutical uptake of the parathyroid and thyroid glands (15, 16, 20, 22, 27) .
Additional information may be obtained from the extent of radiopharmaceutical washout from the thyroid and parathyroid glands on delayed SPECT/CT images. There are 2 patterns of washout from the parathyroid glands: delayed washout (parathyroid gland retention of radiopharmaceutical on delayed images, usually accompanied by normal washout from the thyroid) and early washout (minimal or no retention of the radiotracer in the parathyroid gland on delayed-phase images; less common, although not rare) (20, 22, 27) .
Although the superior or inferior origin of a parathyroid gland often can be determined by its location, an enlarged gland may migrate and be seen in scintigraphic images at the level of the thyroid gland (1) (2) (3) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) .
The most frequent cause of a false-positive finding of a hyperfunctioning parathyroid gland on scintigraphy is the solid nodule that occurs in a solitary thyroid adenoma or a multinodular goiter (Fig. 2) . Benign or malignant tumors that take up the radiopharmaceutical and result in falsepositive findings include breast, lung, and head and neck carcinomas and their lymph node and osseous metastases, as well as bronchial carcinoids. Within the neck, delayed washout of 99m Tc-sestamibi has been described in differentiated thyroid malignancies, primary thyroid lymphomas, cervical lymph node metastasis from papillary thyroid carcinoma, reactive lymph nodes, a remnant thymus, a parathyroid hormone-secreting paraganglioma, and an enlarged submandibular salivary gland. However, in the clinical set- ting of hyperparathyroidism, false-positive findings are uncommon (1, (20) (21) (22) .
The factor most commonly reported to correlate with false-negative findings is the size of the parathyroid gland (i.e., smaller glands are less likely to be detected than larger glands (16, 20, 22) ), and inclusion of anatomic information may benefit patient treatment. SPECT/CT is particularly useful for equivocal cases or when uniglandular disease has been undetected with ultrasound techniques (29, 30) .
The objectives of this study were to collect the data of all patients who underwent a parathyroid study at Torbay Hospital, Torquay, United Kingdom, in 2009; list all relevant information; discuss the results; and highlight the key aspects of introducing parathyroid SPECT/CT as a new clinical service.
MATERIALS AND METHODS
Between January 2009 and December 2009, 9 patients underwent parathyroid scintigraphy in the Nuclear Medicine Department at Torbay Hospital. The patients included 8 women (87.5%) and 1 man (12.5%) and had a mean age (6SD) of 61 6 10.12 y ( Table 1 ). All were referred by the endocrinology department for investigation of clinical signs of parathyroid adenoma (67%) or for preoperative localization of parathyroid adenoma (33%). Appropriate ethical approval was obtained from the department to access patients' information, acquired data, study results, and sample images. All patients consented to having their data used for research or training purposes.
For parathyroid scintigraphy, the patients received 99m Tcsestamibi intravenously (mean dose, 815 MBq; range, 640-990 MBq). A SPECT/CT system (Symbia T2; Siemens) was used to acquire images from the level of the submandibular glands through the basal third of the heart. Three sets of images were acquired, the first at 10 min after injection (a 600-s static image with a 256 · 256 matrix and a zoom factor of 2.0) and the second at 90 min after injection (same parameters as before), followed by a SPECT/CT study.
The SPECT data acquisition comprised counts from the 15% energy windows at 140 keV, acquired into a 128 · 128 matrix, leading to a pixel size of 4.6 · 4.6 mm. A total of 64 frames, 30 s per frame, was acquired over a 360°orbit. The camera heads were configured with high-resolution lowenergy parallel-hole collimators. Reconstruction was performed iteratively using 3-dimensional ordered-subsets expectation maximization with 4 iterations and 8 subsets.
Images were smoothed with a 3-dimensional spatial gaussian filter (10 mm in full width at half maximum).
The CT parameters included a 130-kVp tube, a 0.8-s rotation time, and a 2 · 2.5 collimation. An image reconstruction algorithm (B80 reconstruction kernel) was applied, resulting in images with a slice thickness of 3 mm for a 1.5-mm reconstruction increment. The processed SPECT and CT images were reviewed for adequacy of quality, attenuation correction, registration, and fusion.
RESULTS
Two (22%) of the 9 studies were negative for possible adenoma, and 7 (78%) were positive. Of the positive studies, 6 (86%) showed an adenoma on the left inferior gland and only 1 (14%) showed an adenoma in an eccentric position.
SPECT/CT was performed in only 8 of the 9 examinations because the washout images of 1 patient were unambiguous about the presence of adenoma (Fig. 3) .
The following 3 cases are examples from the study population.
Case 1, a 66-y-old woman, presented with hypercalcemia possibly secondary to primary hyperparathyroidism. The endocrinology department had requested a parathyroid scan to assess parathyroid function before surgery. A 952-MBq dose of 99m Tc-sestamibi was intravenously administered before the examination. The scan helped to confirm the presence of a parathyroid adenoma in the left inferior gland (Figs. 4 and 5) . Case 2, a 49-y-old woman, was referred to investigate possible hyperparathyroidism. She was injected with 719 MBq of 99m Tc-sestamibi. Focal increased uptake, persisting on the delayed images, was seen in the inferior aspect of the left thyroid lobe (Fig. 6) . A corresponding finding could be seen posteriorly on the CT images (Fig. 7) . The results were in keeping with a parathyroid adenoma.
Case 3, a 71-y-old woman, had presented to the endocrinology department with a clinically multinodular goiter and primary hyperparathyroidism. The scan had been requested to assess the dominant gland and to assess thyroid uptake. The patient was injected with 755 MBq of 99m Tcsestamibi before undergoing scanning. The scan showed the thyroid to be enlarged and heterogeneous, making assessment for a parathyroid adenoma difficult. A focus of slightly more intense uptake that was seen posterior to the lower pole of the left lobe of the thyroid could equally have represented either a parathyroid adenoma or a thyroid nodule (Figs. 8 and 9 ). Because the scan was ambiguous, the patient was then referred for a thyroid scan with 99m Tcpertechnetate. For this scan, 70 MBq of 99m TcO 4 2 were administered intravenously, followed by a planar study. The thyroid gland seemed to be enlarged and contained uneven nodular uptake but no dominant nodule (Fig. 10) .
DISCUSSION
SPECT/CT in the management of parathyroid adenomas has the potential to improve accuracy rates and further inform subsequent surgical decisions (30) . The introduction of a new hybrid imaging system and the development of a new clinical service has created opportunities for the practitioners to learn new skills, which include optimal and safe use of transmission imaging techniques, CT-based processing algorithms, patient-positioning considerations for hybrid imaging, and personal dose monitoring. Introducing new technology and techniques within an established clinical environment can affect workforce dynamics and efficiency rates (31) .
The inclusion of CT information provides operators with new skills and techniques while applying attenuation correction values to the emission data. SPECT/CT also allows physicians to view and manipulate the data in 3 dimensions (30) . Physicians have also reevaluated the reviewing and reporting of parathyroid images, to include the additional SPECT/CT datasets. Taking care that the appropriate look-up tables and a-blending techniques are used with SPECT/CT is essential to ensure optimal identification of diseases. Protocols for the processing and secondary capturing of processed data are also essential for archiving and optimal retrieval from central or local PACS environments.
The additional time required for SPECT/CT examinations should also be factored in when a new imaging service in introduced. Clinical departments with limited access to SPECT/CT systems are required to carefully organize the imaging work flow, ensuring that centralized patient waiting areas do not become controlled radiation environments.
Potential limitations of this study include patient conditions (e.g., tissue attenuation due to a high body mass index), injection technique (extravasation of radiopharmaceutical), and scanning technique (e.g., lack of patient communication, bad positioning, and inaccurate processing techniques). In addition, there were different protocols in place within the department, leading to administered activities ranging between 640 and 990 MBq. Finally, this was an initial evaluation of the clinical value of SPECT/CT, and we acknowledge that the sample population was relatively small (n 5 9). A future study should include a larger population and a higher number of male patients. However, published research indicates that the incidence of parathyroid adenoma is higher in women than men and also increases with age (30, 32) .
CONCLUSION
This initial study demonstrated the clinical value of SPECT/CT in the management of parathyroid patients. Using SPECT/CT requires additional imaging time and, therefore, appropriate planning and organization. Consideration is also required for the level of CT used during the SPECT/CT data acquisition. Our SPECT/CT system consists of a 2-slice CT unit and allows for dose modulation. The CT data are used only for attenuation correction and localization, not for diagnosis. However, we realize that other clinical departments may use CT data for diagnostic purposes.
Using SPECT/CT has improved the overall accuracy rates of parathyroid examination in our clinical department, and undertaking this initial study has provided an opportunity to evaluate our current services for parathyroid referrals. Streamlining the procedural and processing aspects of this particular examination has also enabled the department workforce to offer greater flexibility and gain a better understanding of the optimal acquisition and processing parameters.
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